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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The micro reactor equipped with the impregnation port which carries out the transmission- 
and-reception liquid of the sample between channels with an ink jet method, and the discharge port for it 
being open for free passage in an impregnation port through the channel concerned, and collecting the 
samples after a chemical reaction. 

[Claim 2] The micro reactor according to claim 1 further equipped with the detector which detects the 
chemical reaction of a sample, and the control section which adjusts the transmission-and-reception 
volume of the sample from an impregnation port to a channel based on the detected data. 
[Claim 3] Said detector is a micro reactor according to claim 2 which detects the chemical reaction of a 
sample optically. 

[Claim 4] The micro reactor equipped with the impregnation port which the volume of a cavity is 
changed by the drive of a piezo electric crystal component, and carries out the transmission-and- 
reception liquid of the sample between channels, and the discharge port for it being open for free 
passage in an impregnation port through the channel concerned, and collecting the samples after a 
chemical reaction. 

[Claim 5] The micro reactor according to claim 4 further equipped with the detector which detects the 
chemical reaction of a sample, and the control section which controls the drive of a piezo electric crystal 
component based on the detected data, and adjusts the transmission-and-reception volume of a sample. 
[Claim 6] Said detector is a micro reactor according to claim 5 which detects the chemical reaction of a 
sample optically. 

[Claim 7] Said impregnation port is a micro reactor given in any or the 1st term among claim 4 which 
introduces into a cavity the sample stored in the tank by the drive of a piezo electric crystal component, 
and sends the liquid to a channel further thru/or claim 6. 

[Claim 8] Said piezo electric crystal component is a micro reactor given in any or the 1st term among 
claim 4 which carries out transmission-and-reception liquid between channels with the resolving power 
of 0.5pl(s) thru/or 60pl(s) thru/or claim 7. 

[Claim 9] The sample restoration approach which fills up the cavity of the impregnation port of a micro 
reactor with a sample using a liquid discharge head. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the amelioration technique of the micro reactor for 

performing a chemical reaction. 

[0002] 

[Description of the Prior Art] In order to perform many biochemical reactions to JP, 10-337 173, A in 
juxtaposition, the technique of using a micro reactor is proposed. The micro reactor is used for a 
chemical reaction experiment in a micro field, development of a chemical, artificial organ development, 
the genomic DNA analysis tool, the basic analysis tool of micro fluid engineering, etc. There is the 
description which is not in the usual chemical reaction which used the flask in the chemical reaction 
using this micro reactor. For example, since the whole equipment is small, effectiveness is very high, 
and there is an advantage which can perform temperature control efficiently. If the reaction which needs 
precise temperature control if this advantage is used, and the reaction which needs rapid heating or rapid 
cooling also use a micro reactor, it will become possible [ carrying out easily ]. 
[0003] Moreover, in order to react in minute space, in any case, compared with the volume of a liquid, 
the rate of the area of an interface is very large in the liquid and the liquid junction side of an organic 
solvent and water, and ** and the liquid junction side of a liquid and a container wall. So, the passing 
speed of a molecule is quick and a heterogeneous reaction can be performed efficiently. Furthermore, 
since the volume of a reactor (reaction vessel) is minute, the amount and cost of samples (a reaction 
reagent, sample, etc.) which are used for a reaction can be held down, and effect on an environment can 
be made small by making a reaction scale small to the limitation of the analysis capacity of a product. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, since the volume of a channel (passage) or a 
reactor is minute, a micro reactor requires handling of a different molecule from the usual reaction 
container. Although the sample was sent in the channel or the reactor using the syringe pump or the 
micropump of a diaphragm mold in the conventional micro reactor, in the micro reactor with a minute 
and complicated channel, exact liquid-sending control was difficult by the above-mentioned sending-the 
liquid method (pressure pumping). 

[0005] For this reason, although the sending-the liquid method (electroosmotic pumping) by the 
electroosmotic method is used, it is unsuitable for a difficult organic solvent to form an electric double 
layer in an interface by this approach. H. The quality of electric field is added to an organic solvent, and 
the experimental result using an electroosmotic method is reported to SalimiMoosavi, T.Tang, 
J.Am.Chem.Soc, and 119 and 8716 (1997). Thus, in the micro reactor, it has been an important technical 
technical problem to realize handling of a precise molecule. 

[0006] Then, this invention makes it a technical problem to offer a micro reactor equipped with the 
impregnation port which made possible the transmission-and-reception liquid to a channel in a precise 
precision. Moreover, let it be a technical problem to offer the sample restoration approach which fills up 
impregnation of the sample into the cavity of an impregnation port with a precise precision. 
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[0007] 

[Means for Solving the Problem] The micro reactor of this invention is equipped with the impregnation 
port which carries out the transmission-and-reception liquid of the sample between channels, and the 
discharge port for it being open for free passage in an impregnation port through the channel concerned, 
and collecting the samples after a chemical reaction, and is constituted by the ink jet method in order to 
solve the above-mentioned technical problem. You may be the piezo jet method which the volume of the 
cavity formed in the wall of an impregnation port of mechanical displacement of for example, a piezo 
electric crystal component is changed to the transmission-and-reception liquid of the sample by the ink 
jet method, and sends the sample in a cavity, and when a steam occurs rapidly by impression of heat, 
you may be the Bubble Jet which sends a sample. 

[0008] If it is the piezo jet method which makes a piezo electric crystal component a driving source, 
since transmission-and-reception liquid can be carried out between channels with the resolving power of 
0.5pl thru/or 60pl(s), the transmission-and-reception liquid between an impregnation port and a channel 
is realizable in a precise precision. 

[0009] In the above-mentioned configuration, you may have the detector which detects the chemical 
reaction of a sample, and the control section which adjusts the transmission-and-reception volume from 
an impregnation port to a channel based on the detected data further. Thus, with constituting, feedback 
control of the transmission-and-reception volume can be carried out according to the condition of the 
chemical reaction of a sample. In this case, a means to detect optically is suitable as a detection means of 
a chemical reaction. It is because it excels in detection in a micro field. 

[0010] As a configuration for supplying a sample into the cavity of an impregnation port, the sample 
stored in the tank may be introduced into a cavity by the drive of a piezo electric crystal component, and 
you may constitute so that the liquid may be further sent to a channel. 

[001 1] Moreover, a sample is filled up with the sample restoration approach of this invention into the 

cavity of the impregnation port of a micro reactor using a liquid discharge head. 

[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of this operation is explained with reference to 
each drawing. 

[0013] The typical conceptual diagram of the micro reactor 10 is shown in drawin g 1 . The micro reactor 
10 can be manufactured by carrying out micro processing of the silicon substrate 1 1, is equipped with 
the impregnation ports 12 and 13, a channel 14, and the discharge port 15, and is constituted. A channel 
14 is passage which opens the impregnation ports 12 and 13 and the discharge port 15 for free passage 
mutually, and constitutes a T character mold reactor. The sample poured into the impregnation ports 12 
and 13 joins through a channel 14, and the downstream of a channel 14 functions as a reactor from the 
unification part concerned. Hereafter, the part which the chemical reaction has produced among 
channels 14 is called reactor. The samples after a reaction are collected from the discharge port 15. In 
addition, in order to carry out simple [ of the explanation ], in this drawing, the semiconductor laser 22 
and photosensor 23 which are mentioned later, and the measurement / control-section 24 grade are not 
illustrating. 

[0014] Drawin g 2 is the A- A sectional view of drawing 1 . The plate 17 was stuck on the channel 14 
formed in the front face of a silicon substrate 11, and the channel 14 is sealed. Moreover, the through 
tube (orifice) 1 6 is carrying out opening to the location corresponding to each port so that a sample can 
be supplied into a channel 14 from the impregnation ports 12 and 13. The impregnation ports 12 and 13 
consist of a piezo electric crystal component 18, a diaphragm 19, and a side attachment wall 20. The 
cavity 21 for being filled up with a sample is formed of the wall and silicon substrate 1 1 of the 
impregnation ports 12 and 13. The piezo electric crystal component 18 is a component which transforms 
electrical energy into mechanical energy, and is equipped with the piezoelectric ceramics displaced 
according to an inverse piezoelectric effect, for example, PZT, (PZT). If an electrical potential 
difference is impressed to this electrostrictive ceramics, the piezo electric crystal component 18 will be 
contracted crosswise while it expands in the direction of thickness. Compressive stress works to the 
interface of the piezo electric crystal component 18 and a diaphragm 19, and the volume of a cavity 21 
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changes with these contraction. Consequently, liquid sending of the sample in a cavity 21 is attained to a 
channel 14 through a through tube 16. Since the piezo electric crystal component 18 can be driven with 
the oscillation frequency of several MHz, it is suitable for precise transmission-and-reception liquid 
control. The diaphragm 19 consists of insulator layers, such as silicon oxide and a silicon nitride. 
[0015] The plate 17 consists of transparence substrates like heat-resisting glass, and can detect the 
chemical reaction in a reactor optically. Spectroscopy can be used as an optical detection means of the 
chemical reaction in a reactor. In this drawing, the incident light injected from semiconductor laser 22 
penetrates the resultant in a plate 17 and a reactor, and after reflecting on the wall surface of a reactor, it 
is detected by the photosensor 23. Measurement / control section 24 measures the reinforcement of 
incident light, and the reinforcement of the reflected light, and carries out the quantum of the amount of 
resultants in a reactor. Measurement / control section 24 is equipped with the drive control circuit of the 
piezo electric crystal component 18 in the impregnation ports 12 and 13, and the transmission-and- 
reception volume of the sample in the impregnation ports 12 and 13 is constituted in the range of 0.5pl- 
60pl possible [ adjustment ] with reference to the amount of resultants in a reactor. 
[0016] In addition, the laser fluorescence detector other than the above may be used as the detection 
approach of the chemical reaction in a reactor. Laser can be efficiently condensed by using an objective 
lens, and can detect high sensitivity. Moreover, a laser beam is irradiated all over a micro reactor, and 
the situation of impregnation of a sample, a chemical reaction, and separation can also be photoed with a 
high sensitivity camera. Although only analysis of the sample in an outlet can be performed in an 
electrochemical detector or a mass spectroscope, the phenomenon of the whole micro reactor is 
observable by such method. Moreover, it is effective, if it uses Hadamard transform electrophoresis 
analysis together in using a fluorescence method and an extinction method for detection of a sample. 
[0017] Moreover, many micro reactors 10 from which a reaction condition differs can be arranged, and 
an image processing etc. can also detect the micro reactor 10 of optimum conditions easily by observing 
a reaction within many reactors to coincidence using a high-speed film or a CCD camera. 
[0018] Next, the production process of a micro reactor is explained with reference to drawin g 3 . After 
having prepared the silicon substrate 1 1 with a diameter [ of 4 inches ], and a thickness of 0.7mm, 
oxidizing the front face and forming an etching mask, the photoresist was applied to the front face and 
exposure/development was carried out according to the pattern of a channel. And the channel 14 with a 
channel width [ of 70 micrometers ] and a depth of 1 micrometer was formed by crystal orientation 
dependency etching (anisotropic etching) which used the potassium hydroxide or the ethylenediamine 
water solution as the etching reagent ( drawin g 3 (A)). By anisotropic etching, the high slot on the aspect 
ratio (channel) can be formed. 

[0019] Subsequently, according to the location in which the impregnation ports 12 and 13 should be 
attached, the through tube 16 was drilled in the channel 14 using focusing ion beam machining (FIB 
processing) (this drawing (B)). The through tube which is illustrating to this drawing and is open for free 
passage in **** and the discharge port 15 was also drilled in coincidence. The electrical potential 
difference of 500V- 1 000 V was impressed between the silicon substrate 1 1 and the plate 17 in the 
condition of having heated at 350 degrees C - 400 degrees C, using heat-resisting glass (brand name: 
Pyrex) as a plate 17, and anode plate junction was carried out (this drawing (C)). 
[0020] Finally, if the impregnation ports 12 and 13 are attached according to the opening location of a 
through tube 16, the micro reactor 10 will be completed (this drawing (D)). The impregnation ports 12 
and 13 can form the piezo electric crystal component 18 which attached the diaphragm 19 by pasting a 
silicon substrate 1 1 using epoxy system adhesives Eko Bond (the Japanese Able stick company make) of 
solvent resistance. A side attachment wall 20 is formed because these adhesives harden. Moreover, 
although not illustrated to this drawing, it attaches similarly about the discharge port 15. Furthermore, if 
semiconductor laser 22, a photosensor 23, and the various measuring machine machines of 
measurement / control-section 24 grade are attached in the micro reactor 10, it can use for a desired 
chemical reaction experiment. 

[0021] As a method of pouring in the sample to the impregnation ports 12 and 13, in addition, for 
example <A To HREF=7Tokujitu/tjitemdrw.ipdl?N0000=239&N0500=l 
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E_N/;><==7>:6///&N0001=535&N0552=9&N 0553= 000006" TARGET="tjitemdrw"> drawing 4 You 
may constitute so that it may be shown, and the sample 40 with which it was filled up in the tank 32 may 
be supplied into a cavity 21 through the silicon tube 31. Since the piezo electric crystal component is 
used as electric machine sensing elements, such as an ink regurgitation driving source of a micropump 
and an ink jet type recording head, it can supply the sample 40 filled up with using the driving force of 
the piezo electric crystal component 18 in the tank 32 into a channel 14. 

[0022] Moreover, as shown in drawin g 5 , it can also constitute from attaching in a side attachment wall 

20 the diaphragm 19 which constitutes the impregnation ports 12 and 13 through a hinge 25 possible 

[ closing motion of a diaphragm 19 ]. By such configuration, where a diaphragm 19 is opened, a cavity 

21 can be filled up with a sample 40 using the liquid discharge head 30 (liquids-and-solutions 
arrangement). As a liquid discharge head 30, the ink jet type recording head used for an ink jet printer 
can be used, for example. The head concerned may be a piezo jet method which makes a desired liquid 
breathe out by the volume change of a piezo electric crystal component, and when a steam occurs 
rapidly by impression of heat, it may be Bubble Jet which makes a liquid breathe out. If a diaphragm 19 
is closed and the piezo electric crystal component 18 is driven after filling up a cavity 21 with a sample 
40, the transmission-and-reception liquid of the sample 40 into a channel 14 will become possible. 
Moreover, the impregnation ports 12 and 13 may be constituted from a silicon substrate 1 1 possible 

[ desorption ], and you may constitute so that the regurgitation of the direct sample 40 may be carried 
out into a cavity 21 using the liquid discharge head 30. 

[0023] In addition, in the above-mentioned explanation, although the piezo jet method which carries out 
the transmission-and-reception liquid of the sample in a cavity 21 by the drive of the piezo electric 
crystal component 18 was explained to the example, when a steam occurs rapidly by impression of heat, 
the Bubble Jet which sends a sample may be adopted. When based on this method, the sample filled up 
with giving an electric pulse to the thermal energy generator constituted including a resistance heater in 
the cavity 21 using the phase transition between the liquid phase/gaseous phase of a sample is sent to a 
channel 14. 

(Example) In the above-mentioned configuration, the ATP (adenosine triphosphate) solution was poured 
into the impregnation port 12, the mixed solution of luciferin and luciferase was poured into the 
impregnation port 13, and the firefly luciferase reaction in a reactor was observed optically. A firefly 
luciferase reaction is a luminous reaction to which enzyme luciferase makes luciferin and ATP a 
substrate, and a reaction advances, and since light is emitted with oxidation of luciferin, it can know the 
activity of a reaction by carrying out the monitor of the luminescence reinforcement in a reactor part. 
When set concentration of the mixed solution of a, luciferin, and luciferase to b for the concentration of 
an ATP solution, each amount of liquid sending of the impregnation ports 12 and 13 was set as the rate 
of 10 pl/sec per dot, the amount of supply (the number of dots) in each impregnation ports 12 and 13 
was changed and the concentration in a reaction was changed, the luminescence reinforcement I became 
like dr awin g 6 . Moreover, in measurement / control section 24, when the amount of liquid sending of 
the impregnation port 12 was changed into the rate of 0.1 pl/sec according to the detected luminescence 
reinforcement and the amount of liquid sending of the impregnation port 13 was changed into the rate of 
20 pl/sec, luminescence reinforcement changed like drawing 7 . 

[0024] It has checked that the transmission-and-reception volume to a channel 14 could be adjusted 
delicately, and advance of a desired reaction could be obtained from the above experimental result by 
controlling the drive frequency of the piezo electric crystal component 18 (a reaction is operated free). 
Thus, by using the piezo electric crystal component 18 as a transmission-and-reception liquid means to a 
channel 14, at a syringe pump or the micropump of a diaphragm mold, transmission-and-reception 
liquid can be carried out in the precision which was not able to be realized, and the micro reactor 
excellent in handling of a molecule can be offered. Since the drive wave of varieties can be acquired by 
choosing the presentation of electrostrictive ceramics especially when using the piezo electric crystal 
component 18, it is suitable as a transmission-and-reception liquid means in a micro reactor. 
[0025] 

[Effect of the Invention] According to this invention, the micro reactor which realizes the transmission- 
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and-reception liquid between an impregnation port and a channel in a precise precision can be offered. 
Moreover, impregnation of the sample into the cavity of an impregnation port is realizable in a precise 
precision. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the amelioration technique of the micro reactor for 
performing a chemical reaction. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In order to perform many biochemical reactions to JP, 10-337 173, A in 
juxtaposition, the technique of using a micro reactor is proposed. The micro reactor is used for a 
chemical reaction experiment in a micro field, development of a chemical, artificial organ development, 
the genomic DNA analysis tool, the basic analysis tool of micro fluid engineering, etc. There is the 
description which is not in the usual chemical reaction which used the flask in the chemical reaction 
using this micro reactor. For example, since the whole equipment is small, effectiveness is very high, 
and there is an advantage which can perform temperature control efficiently. If the reaction which needs 
precise temperature control if this advantage is used, and the reaction which needs rapid heating or rapid 
cooling also use a micro reactor, it will become possible [ carrying out easily ]. 
[0003] Moreover, in order to react in minute space, in any case, compared with the volume of a liquid, 
the rate of the area of an interface is very large in the liquid and the liquid junction side of an organic 
solvent and water, and ** and the liquid junction side of a liquid and a container wall. So, the passing 
speed of a molecule is quick and a heterogeneous reaction can be performed efficiently. Furthermore, 
since the volume of a reactor (reaction vessel) is minute, the amount and cost of samples (a reaction 
reagent, sample, etc.) which are used for a reaction can be held down, and effect on an environment can 
be made small by making a reaction scale small to the limitation of the analysis capacity of a product. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the micro reactor which realizes the transmission- 
and-reception liquid between an impregnation port and a channel in a precise precision can be offered. 
Moreover, impregnation of the sample into the cavity of an impregnation port is realizable in a precise 
precision. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] By the way, since the volume of a channel (passage) or a 
reactor is minute, a micro reactor requires handling of a different molecule from the usual reaction 
container. Although the sample was sent in the channel or the reactor using the syringe pump or the 
micropump of a diaphragm mold in the conventional micro reactor, in the micro reactor with a minute 
and complicated channel, exact liquid-sending control was difficult by the above-mentioned sending-the 
liquid method (pressure pumping). 

[0005] For this reason, although the sending-the liquid method (electroosmotic pumping) by the 
electroosmotic method is used, it is unsuitable for a difficult organic solvent to form an electric double 
layer in an interface by this approach. H. The quality of electric field is added to an organic solvent, and 
the experimental result using an electroosmotic method is reported to SalimiMoosavi, T.Tang, 
J.Am.Chem.Soc, and 1 19 and 8716 (1997). Thus, in the micro reactor, it has been an important technical 
technical problem to realize handling of a precise molecule. 

[0006] Then, this invention makes it a technical problem to offer a micro reactor equipped with the 
impregnation port which made possible the transmission-and-reception liquid to a channel in a precise 
precision. Moreover, let it be a technical problem to offer the sample restoration approach which fills up 
impregnation of the sample into the cavity of an impregnation port with a precise precision. 

[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 8/14/2007 



JP,2001-228159>,A [MEANS] 



Page 1 of 3 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] The micro reactor of this invention is equipped with the impregnation 
port which carries out the transmission-and-reception liquid of the sample between channels, and the 
discharge port for it being open for free passage in an impregnation port through the channel concerned, 
and collecting the samples after a chemical reaction, and is constituted by the ink jet method in order to 
solve the above-mentioned technical problem. You may be the piezo jet method which the volume of the 
cavity formed in the wall of an impregnation port of mechanical displacement of for example, a piezo 
electric crystal component is changed to the transmission-and-reception liquid of the sample by the ink 
jet method, and sends the sample in a cavity, and when a steam occurs rapidly by impression of heat, 
you may be the Bubble Jet which sends a sample. 

[0008] If it is the piezo jet method which makes a piezo electric crystal component a driving source, 
since transmission-and-reception liquid can be carried out between channels with the resolving power of 
0.5pl thru/or 60pl(s), the transmission-and-reception liquid between an impregnation port and a channel 
is realizable in a precise precision. 

[0009] In the above-mentioned configuration, you may have the detector which detects the chemical 
reaction of a sample, and the control section which adjusts the transmission-and-reception volume from 
an impregnation port to a channel based on the detected data further. Thus, with constituting, feedback 
control of the transmission-and-reception volume can be carried out according to the condition of the 
chemical reaction of a sample. In this case, a means to detect optically is suitable as a detection means of 
a chemical reaction. It is because it excels in detection in a micro field. 

[0010] As a configuration for supplying a sample into the cavity of an impregnation port, the sample 
stored in the tank may be introduced into a cavity by the drive of a piezo electric crystal component, and 
you may constitute so that the liquid may be further sent to a channel. 

[001 1] Moreover, a sample is filled up with the sample restoration approach of this invention into the 

cavity of the impregnation port of a micro reactor using a liquid discharge head. 

[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of this operation is explained with reference to 
each drawing. 

[0013] The typical conceptual diagram of the micro reactor 10 is shown in drawin g I . The micro reactor 
10 can be manufactured by carrying out micro processing of the silicon substrate 1 1, is equipped with 
the impregnation ports 12 and 13, a channel 14, and the discharge port 15, and is constituted. A channel 
14 is passage which opens the impregnation ports 12 and 13 and the discharge port 15 for free passage 
mutually, and constitutes a T character mold reactor. The sample poured into the impregnation ports 12 
and 13 joins through a channel 14, and the downstream of a channel 14 functions as a reactor from the 
unification part concerned. Hereafter, the part which the chemical reaction has produced among 
channels 14 is called reactor. The samples after a reaction are collected from the discharge port 15. In 
addition, in order to carry out simple [ of the explanation ], in this drawing, the semiconductor laser 22 
and photosensor 23 which are mentioned later, and the measurement / control-section 24 grade are not 
illustrating. 
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[0014] Drawin g 2 is the A- A sectional view of drawin g 1 . The plate 17 was stuck on the channel 14 
formed in the front face of a silicon substrate 1 1, and the channel 14 is sealed. Moreover, the through 
tube (orifice) 16 is carrying out opening to the location corresponding to each port so that a sample can 
be supplied into a channel 14 from the impregnation ports 12 and 13. The impregnation ports 12 and 13 
consist of a piezo electric crystal component 18, a diaphragm 19, and a side attachment wall 20. The 
cavity 21 for being filled up with a sample is formed of the wall and silicon substrate 1 1 of the 
impregnation ports 12 and 13. The piezo electric crystal component 18 is a component which transforms 
electrical energy into mechanical energy, and is equipped with the piezoelectric ceramics displaced 
according to an inverse piezoelectric effect, for example, PZT, (PZT). If an electrical potential 
difference is impressed to this electrostrictive ceramics, the piezo electric crystal component 18 will be 
contracted crosswise while it expands in the direction of thickness. Compressive stress works to the 
interface of the piezo electric crystal component 18 and a diaphragm 19, and the volume of a cavity 21 
changes with these contraction. Consequently, liquid sending of the sample in a cavity 21 is attained to a 
channel 14 through a through tube 16. Since the piezo electric crystal component 18 can be driven with 
the oscillation frequency of several MHz, it is suitable for precise transmission-and-reception liquid 
control. The diaphragm 19 consists of insulator layers, such as silicon oxide and a silicon nitride. 
[0015] The plate 17 consists of transparence substrates like heat-resisting glass, and can detect the 
chemical reaction in a reactor optically. Spectroscopy can be used as an optical detection means of the 
chemical reaction in a reactor. In this drawing, the incident light injected from semiconductor laser 22 
penetrates the resultant in a plate 1 7 and a reactor, and after reflecting on the wall surface of a reactor, it 
is detected by the photosensor 23. Measurement / control section 24 measures the reinforcement of 
incident light, and the reinforcement of the reflected light, and carries out the quantum of the amount of 
resultants in a reactor. Measurement / control section 24 is equipped with the drive control circuit of the 
piezo electric crystal component 18 in the impregnation ports 12 and 13, and the transmission-and- 
reception volume of the sample in the impregnation ports 12 and 13 is constituted in the range of 0.5pl- 
60pl possible [ adjustment ] with reference to the amount of resultants in a reactor. 
[0016] In addition, the laser fluorescence detector other than the above may be used as the detection 
approach of the chemical reaction in a reactor. Laser can be efficiently condensed by using an objective 
lens, and can detect high sensitivity. Moreover, a laser beam is irradiated all over a micro reactor, and 
the situation of impregnation of a sample, a chemical reaction, and separation can also be photoed with a 
high sensitivity camera. Although only analysis of the sample in an outlet can be performed in an 
electrochemical detector or a mass spectroscope, the phenomenon of the whole micro reactor is 
observable by such method. Moreover, it is effective, if it uses Hadamard transform electrophoresis 
analysis together in using a fluorescence method and an extinction method for detection of a sample. 
[0017] Moreover, many micro reactors 10 from which a reaction condition differs can be arranged, and 
an image processing etc. can also detect the micro reactor 10 of optimum conditions easily by observing 
a reaction within many reactors to coincidence using a high-speed film or a CCD camera. 
[001 8] Next, the production process of a micro reactor is explained with reference to drawin g 3 . After 
having prepared the silicon substrate 1 1 with a diameter [ of 4 inches ], and a thickness of 0.7mm, 
oxidizing the front face and forming an etching mask, the photoresist was applied to the front face and 
exposure/development was carried out according to the pattern of a channel. And the channel 14 with a 
channel width [ of 70 micrometers ] and a depth of 1 micrometer was formed by crystal orientation 
dependency etching (anisotropic etching) which used the potassium hydroxide or the ethylenediamine 
water solution as the etching reagent ( drawin g 3 (A)). By anisotropic etching, the high slot on the aspect 
ratio (channel) can be formed. 

[0019] Subsequently, according to the location in which the impregnation ports 12 and 13 should be 
attached, the through tube 16 was drilled in the channel 14 using focusing ion beam machining (FIB 
processing) (this drawing (B)). The through tube which is illustrating to this drawing and is open for free 
passage in **** and the discharge port 15 was also drilled in coincidence. The electrical potential 
difference of 500V-1000V was impressed between the silicon substrate 1 1 and the plate 17 in the 
condition of having heated at 350 degrees C - 400 degrees C, using heat-resisting glass (brand name: 
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Pyrex) as a plate 17, and anode plate junction was carried out (this drawing (C)). 
[0020] Finally, if the impregnation ports 12 and 13 are attached according to the opening location of a 
through tube 16, the micro reactor 10 will be completed (this drawing (D)). The impregnation ports 12 
and 13 can form the piezo electric crystal component 18 which attached the diaphragm 19 by pasting a 
silicon substrate 1 1 using epoxy system adhesives Eko Bond (the Japanese Able stick company make) of 
solvent resistance. A side attachment wall 20 is formed because these adhesives harden. Moreover, 
although not illustrated to this drawing, it attaches similarly about the discharge port 15. Furthermore, if 
semiconductor laser 22, a photosensor 23, and the various measuring machine machines of 
measurement / control-section 24 grade are attached in the micro reactor 10, it can use for a desired 
chemical reaction experiment. 

[0021] In addition, as a method of pouring in the sample to the impregnation ports 12 and 13, as shown 
in drawin g 4 , you may constitute so that the sample 40 with which it was filled up in the tank 32 may be 
supplied into a cavity 21 through the silicon tube 3 1 . Since the piezo electric crystal component is used 
as electric machine sensing elements, such as an ink regurgitation driving source of a micropump and an 
ink jet type recording head, it can supply the sample 40 filled up with using the driving force of the 
piezo electric crystal component 18 in the tank 32 into a channel 14. 

[0022] Moreover, as shown in drawin g 5 , it can also constitute from attaching in a side attachment wall 

20 the diaphragm 19 which constitutes the impregnation ports 12 and 13 through a hinge 25 possible 

[ closing motion of a diaphragm 19 ]. By such configuration, where a diaphragm 19 is opened, a cavity 

21 can be filled up with a sample 40 using the liquid discharge head 30 (liquids-and-solutions 
arrangement). As a liquid discharge head 30, the ink jet type recording head used for an ink jet printer 
can be used, for example. The head concerned may be a piezo jet method which makes a desired liquid 
breathe out by the volume change of a piezo electric crystal component, and when a steam occurs 
rapidly by impression of heat, it may be Bubble Jet which makes a liquid breathe out. If a diaphragm 19 
is closed and the piezo electric crystal component 18 is driven after filling up a cavity 21 with a sample 
40, the transmission-and-reception liquid of the sample 40 into a channel 14 will become possible. 
Moreover, the impregnation ports 12 and 13 may be constituted from a silicon substrate 1 1 possible 

[ desorption ], and you may constitute so that the regurgitation of the direct sample 40 may be carried 
out into a cavity 21 using the liquid discharge head 30. 

[0023] In addition, in the above-mentioned explanation, although the piezo jet method which carries out 
the transmission-and-reception liquid of the sample in a cavity 21 by the drive of the piezo electric 
crystal component 18 was explained to the example, when a steam occurs rapidly by impression of heat, 
the Bubble Jet which sends a sample may be adopted. When based on this method, the sample filled up 
with giving an electric pulse to the thermal energy generator constituted including a resistance heater in 
the cavity 21 using the phase transition between the liquid phase/gaseous phase of a sample is sent to a 
channel 14. 
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EXAMPLE 

(Example) In the above-mentioned configuration, the ATP (adenosine triphosphate) solution was poured 
into the impregnation port 12, the mixed solution of luciferin and luciferase was poured into the 
impregnation port 13, and the firefly luciferase reaction in a reactor was observed optically. A firefly 
luciferase reaction is a luminous reaction to which enzyme luciferase makes luciferin and ATP a 
substrate, and a reaction advances, and since light is emitted with oxidation of luciferin, it can know the 
activity of a reaction by carrying out the monitor of the luminescence reinforcement in a reactor part. 
When set concentration of the mixed solution of a, luciferin, and luciferase to b for the concentration of 
an ATP solution, each amount of liquid sending of the impregnation ports 12 and 13 was set as the rate 
of 10 pl/sec per dot, the amount of supply (the number of dots) in each impregnation ports 12 and 13 
was changed and the concentration in a reaction was changed, the luminescence reinforcement I became 
like drawin g 6 . Moreover, in measurement / control section 24, when the amount of liquid sending of 
the impregnation port 12 was changed into the rate of 0.1 pl/sec according to the detected luminescence 
reinforcement and the amount of liquid sending of the impregnation port 1 3 was changed into the rate of 
20 pl/sec, luminescence reinforcement changed like drawin g 7 . 

[0024] It has checked that the transmission-and-reception volume to a channel 14 could be adjusted 
delicately, and advance of a desired reaction could be obtained from the above experimental result by 
controlling the drive frequency of the piezo electric crystal component 18 (a reaction is operated free). 
Thus, by using the piezo electric crystal component 18 as a transmission-and-reception liquid means to a 
channel 14, at a syringe pump or the micropump of a diaphragm mold, transmission-and-reception 
liquid can be carried out in the precision which was not able to be realized, and the micro reactor 
excellent in handling of a molecule can be offered. Since the drive wave of varieties can be acquired by 
choosing the presentation of electrostrictive ceramics especially when using the piezo electric crystal 
component 1 8, it is suitable as a transmission-and-reception liquid means in a micro reactor. 

[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 8/14/2007 



JP,2001-228159,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the top view of a micro reactor. 

[Drawin g 2] It is the A-A sectional view of drawin g 1 . 

[Drawin g 3] It is the production process sectional view of a micro reactor. 

[Drawin g 4] It is drawing explaining sample supply in an impregnation port. . 

[Drawing 5] It is drawing explaining sample supply in an impregnation port. 

[Drawin g 6] It is the experimental result of a firefly luciferase reaction. 

[Drawin g 7] It is the experimental result of a firefly luciferase reaction. 

[Description of Notations] 

a 10 - micro reactor, 1 1 -- silicon substrate, and 12 — an impregnation port, 13 — impregnation port, 14 

- channels, and 15 - a discharge port, 16 - through tube, 17 — plate, and 18 - a piezo electric crystal 
component, 19 - diaphragm, 20 — side attachment wall, and 21 - a cavity, 22 - semiconductor laser, 23 

— photosensor, and 24 - measurement/control section, 25 ~ hinge, 30 ~ liquid discharge head, and 31 — 
a silicon tube, 32 tank, and 40 - sample 
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DRAWINGS 



[Drawin g 1] 
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[Drawin g 4] 
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